Accelerated hyperfractionated radiotherapy was performed as treatment for patients with T1 glottic cancer, and its utility was evaluated based on treatment outcomes and adverse effects. Fifty-eight men who had undergone radiotherapy were retrospectively reviewed. Tumor classification was Tis in 4 patients, T1a in 38, and T1b in 16. Histological examination revealed squamous cell carcinoma in 55 patients. Travel time from home to hospital was 0-1 hour for 24 patients, 1-2 hours for 9, and >2 hours for 25. Laser vaporization was performed prior to radiotherapy in 38 patients, and 19 patients received concurrent chemotherapy with an agent such as S-1. Patients were irradiated twice daily using an irradiation container. Most patients received a dose of 1.5 Gy/fraction up to a total of 60 Gy. The median overall treatment time was 30 days, with a median observation period of 59.6 months. A complete response was observed in all patients. The 5-year overall survival, disease-free survival, and local control rates were 97.2%, 93.2%, and 97.8%, respectively. Although grade 3 pharyngeal mucositis was observed in 2 patients, there were no other grade 3 or higher acute adverse events. As late toxicity, grade 2 laryngeal edema and grade 1 laryngeal hemorrhage were observed in 1 patient each, but no serious events such as laryngeal necrosis or laryngeal stenosis were observed. In conclusion, this treatment method brings excellent outcome and will substantially reduce the treatment duration among patients who need to stay at nearby hotels while undergoing treatment at hospitals in rural areas.
INTRODUCTION
Curative radiotherapy is currently the standard treatment for T1 glottic cancer. Irradiation is generally performed once daily to a total radiation dose of 60-70 Gy, and the 5-year local control rate (LCR) is around 82-93%. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Because radiotherapy for T1 glottic cancer does not affect the entire body due to the small radiation field, hospitals in large cities offer the treatment mainly on an outpatient basis. On the other hand, in rural areas, it is often difficult for patients to undergo outpatient radiotherapy because of the long distance between their home and the treatment hospital. In countries such as the United States, there are a lot of hotels where patients can stay, around the hospitals. However, this is not yet common in Japan where patients living far from the hospital are often admitted for radiotherapy.
Because patients often request a shorter hospital stay for inpatient radiotherapy, we try to meet this need as much as possible. To do this, we decided to incorporate hyperfractionated radiotherapy in treatment which involves irradiation twice daily. This approach should shorten overall treatment time (OTT) without affecting treatment outcome, thereby benefiting both patients and hospitals. There were some papers about outcomes of hyperfractionated radiotherapy or accelerated hyperfractionated radiotherapy (AHF) for patients with T2 glottic cancer [13] [14] [15] , but there were few reports on AHF with T1 glottic cancer.
In this study, we investigated the outcomes, feasibility, and adverse events of AHF for T1 glottic cancer to reveal the utility and validity of the treatment, retrospectively.
MATERIALS AND METHODS

Patients
Subjects were 58 patients with glottic cancer who underwent curative radiotherapy at Shimane University Hospital between January 2000 and November 2013. Clinical stage was determined according to the Union for International Cancer Control 2009 staging system. The patients were diagnosed with clinical TisN0M0 or T1N0M0 disease based on the findings of laryngoscopy and computed tomography (CT), and all were indicated for hyperfractionated radiotherapy. Our study was conducted in accordance with the Declaration of Helsinki. Patients were informed in detail of the procedure and provided written consent. Conventional radiotherapy with irradiation once daily was performed for patients who did not consent to hyperfractionated radiotherapy. Table 1 shows the patient characteristics (median age, 70 years; range, 48-83 years). According to the definitions recommended by the Europe Clinical Oncology Group (ECOG), performance status (PS) was 0 and 1 in 35 and 23 patients, respectively. None of the patients had a PS of 2 or higher. Histological findings revealed squamous cell carcinoma in 55 patients and other cancer in 3 patients such as adenocarcinoma. With regard to T stage, 4 patients had Tis, 38 had T1a, and 16 had T1b. The travel time between home and hospital was ≤1 hour for 24 (41.4%) patients, 1-2 hours for 9 (15.5%) patients, and ≥2 hours for 25 (43.1%) patients, respectively.
Laser vaporization and chemotherapy
38 (65.5%) patients underwent laser vaporization before radiotherapy. At our hospital, we generally perform laser vaporization concurrently with biopsy. However, laser vaporization was not performed in patients who were treated a long time earlier, underwent biopsy at other hospitals, were at a high risk for general anesthesia, or whose neck was short. In laser vaporization, ablation is provided only down to the submucosal layer to prevent adverse effects such as hoarseness. In other words, laser vaporization is provided for tumor volume reduction, not for radical cure in our hospital.
In addition, while 39 (67.2%) patients received no chemotherapy, 19 (34.5%) whose tumor was relatively larger or extended to the anterior commissure underwent chemotherapy with S-1 
Radiotherapy
Radiotherapy was performed using 6MV X-ray beams with a 5-6 × 5-6 cm radiation field. Irradiation was performed twice daily (morning and evening) with an interval of 6 hours for 5 days a week for a total of 10 irradiations per week. Most cases (48patients, 82.8%) received a dose of 1.5 Gy/fraction up to a total of 60 Gy (40 fractions). And, 1 patient (1.7%) received total of 51 Gy (34 fractions), 2 patients (3.4%) total of 66 Gy (44 fractions), and 1 patient (1.7%) total of 69 Gy (46 fractions). Moreover, 1 patients (1.7%) received a dose of 1.2 Gy/fraction up to a total of 60 Gy (50 fractions), 1 patient (1.7%) total of 63.6 Gy (53 fractions), and 4 patients (6.9%) total of 69.6 Gy (58 fractions) ,respectively. Because radiotherapy performed at a single dose of 1.2 Gy in the early phase of this study resulted in only minor adverse events, the single radiation dose was increased to 1.5 Gy. In patients with lesions in the anterior commissure, a bolus was used as necessary.
Follow up
After radiotherapy, patients were examined for recurrence during follow-up observation, which included tumor marker testing, laryngoscopy, CT, and positron emission tomography, at the Department of Radiotherapy or Otorhinolaryngology at our hospital. Adverse events were evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0.
Statistical analysis
Kaplan-Meier curves were generated to analyze overall survival rate (OS), disease-free survival rate (DFS), LCR, and cause-specific survival rate (CSS).
RESULTS
The median OTT was 30 days (range, 26-45 days), and the median follow-up duration was 59.6 months. At the response evaluation after radiotherapy, no tumors were observed in any of the patients, indicating a complete response in all cases. As shown in Figure 1 , 5-year and 7-year OS were 97.2% and 86.1%, respectively, while 5-year and 7-year DFS were 93.2% and 82.2%, respectively (Fig. 2) . In addition, 5-year and 7-year LCR were both 97.8% (Fig. 3) , and 5-year and 7-year CSS were both 100%. During follow up, 8 (13.8%) patients developed second malignancy: gastric, esophageal, and lung cancer in 2 patients each and bronchial and gallbladder cancer in 1 patient each. Seven (12.1%) of the 58 patients died during the observation period, but none due to glottic cancer (the primary cancer), even though 3 died of other cancer. The remaining 4 patients died of other disease: pneumonia in 2 cases and acute exacerbation of chronic hepatitis B and chronic obstructive pulmonary disease in 1 case each.
The 5-year OS rates in patients with and without laser vaporization were 100% and 92.9%, respectively, with no significant difference between the groups. The 5-year OS rates in patients with and without chemotherapy were 100% and 95.5%, respectively, again with no significant difference between the groups.
Analysis by primary tumor (T) subgroup revealed that for T1a and Tis 5-year OS was 95.8%, 7-year OS was 85.2%, 5-year and 7-year DFS were 93.3% and 78.0%, respectively, and 5-year and 7-year LCR were both 100%. In patients with T1b, 5-year and 7-year OS were 100% and 87.5%, respectively, while 5-year and 7-year DFS and LCR were all 92.9%. No significant differences were observed between the groups. Acute adverse events were grade 3 pharyngeal mucositis in 2 patients (3.4%), with no cases of adverse effects of grade 4 or higher. None of the patients had grade 3 or higher dermatitis or hoarseness. And, reduced food intake observed in a small number of patients was quickly improved. Details are shown in Table 2 .
Although no grade 3 or higher late adverse event was observed, grade 2 laryngeal edema and grade 1 laryngeal hemorrhage were observed in 1 patient each. No other adverse events or late toxicity, including skin disorder, subcutaneous tissue disorder, laryngeal necrosis, or laryngeal stenosis, and so on, were observed.
DISCUSSION
In this study, 5-year OS and LCR were 97.2% and 97.8%, respectively, and tumors disappeared in all patients at the response evaluation after radiotherapy. These findings indicate excellent treatment outcomes in all patients. The LCRs obtained in the present study are better than those reported in the literature 2, [8] [9] [10] [11] [12] 16) (Table 3 ). Although such a simple comparison cannot be used to draw a definitive conclusion because there were few reports about irradiation twice daily, the results suggest that the present method is extremely useful for managing T1 glottic cancer. No significant differences in treatment outcomes are apparent between these studies because the outcomes of treatment for T1 glottic cancer are originally good, suggesting that any treatment method is acceptable. This also means that patients may select an appropriate treatment modality based on social and other related factors, for example travel time from home to hospital. Furthermore, only 1 patient had local recurrence. None of the deaths were caused by glottic cancer, but by other cancer or disease. This alone suggests the utility of the present treatment.
The occurrence of second malignancy in this study was 13.8% (8 patients), while the occurrence of secondary cancer was similarly 13.4% (21 of 157 patients) in the study by Kim et al. 17) We expect the number of secondary cancers to increase as we continue follow-up observations. Therefore, it is important to perform periodic screenings for not only the larynx and lymph nodes, but also the gastrointestinal tract and mediastinum at follow up evaluations.
In this study, 32.8% of the patients underwent chemotherapy due, for example, to relatively large tumor size. In most of these patients, S-1 was administered as the drug of choice with no major adverse events such as hematological toxicity. Although laser vaporization was performed only to reduce tumor size in 65.5% of the patients prior to radiotherapy, this supplementary procedure for tumor reduction appears to have contributed to the excellent treatment outcomes 18) reported LCRs of 92.3% and 85.0% in T1a and T1b patients, respectively. In the present study, the 5-year LCR in T1b patients was 92.9%, with potential for better outcomes if chemotherapy with S-1, for example, had been used in many T1b cases. Hirasawa et al. 19) reported there was a tendency for the LCRs of chemoradiotherapy group to be more favorable than those of the radiotherapy alone group with the patients of the early glottic cancer. In this study, chemotherapy may be proactively recommended provided it does not affect the patient's general condition or interfere with the completion of radiotherapy in T1b patients, especially.
The adverse events observed in the present study were acceptable overall. Although a small number of patients developed grade 3 pharyngeal mucositis, this acute adverse event was readily controlled. No grade 3 or higher dermatitis or hoarseness was observed, and reduced food intake observed in a small number of patients was quickly improved. By nature, AHF is associated with moderate to severe acute adverse events. However, the adverse effects of AHF in this study were considered acceptable as the patients were able to undergo the treatment while maintaining daily life. One reason is that the irradiation field for treating T1 glottic cancer is relatively small, reducing the occurrence of acute adverse events. Second, as a reason of mild radiation induced dermatitis, we administered azelastine actively. Azelastine inhibits the release of chemical mediators such as histamine, serotonin and leukotriene, pharmacologically. And, it was reported that administration of azelastine reduces the degree of acute radiation induced dermatitis. 20) Moreover, no serious late adverse events such as grade 3 or higher laryngeal edema were observed, presumably because the single dose used in this study was 1.5 Gy, not 2 Gy or higher. As a well-known radiobiological phenomenon, late toxicity can be controlled by reducing the single dose.
In addition, OTT is an extremely important factor in radiotherapy, especially for cancer in the head and neck area, and accelerated repopulation has been known as a factor associated with this phenomenon. 21) For example, in squamous cell carcinoma of the head and neck, accelerated repopulation happens approximately 21-28 days after the initiation of irradiation. 22) Furthermore, increasing the treatment duration leads to poorer treatment outcomes due to a reduction in radiosensitivity caused by the regeneration of tumor tissue and fibrosis of stromal cells. 23) These events serve as the basis for the biological superiority of AHF. It has also been revealed that the risk of recurrence increases linearly as the duration of treatment extends beyond 28 days. 24) Even in glottic cancers, Onimaru et al. reported a 5-year LCR of 91.8% in patients with OTT ≤46 days compared with an LCR of 82.6% in patients with OTT ≥47, demonstrating a significant reduction in LCR.
11)
The median OTT in this study was 30 days by using AHF technique, which is drastically shorter than the median OTT observed with conventional treatment methods, and we regard this to be a major factor contributing to the good treatment results. To shorten OTT and improve treatment outcomes, many studies have increased the dose per fraction rather than actively utilizing AHF method. Yamazaki et al. successfully shortened OTT and achieved a 5-year LCR of 92% by increasing the dose per fraction to 2.25 Gy. 9) On the other hand, Gultekin et al. 25) reported a 5-year LCR of 81% by increasing the dose to 2.3 Gy/fraction, while van der Voet et al. 10) achieved a 5-year LCR of 89% by increasing the dose per fraction to 2.4 Gy (60 Gy in total). Although the dose per fraction in this study was 1.5 Gy, the daily dose was 3 Gy because irradiation was performed twice daily, resulting in the overwhelming reduction in OTT. Therefore, the major merits of the present method are the improvement in treatment outcomes through reducing OTT and controlling adverse events by reducing dose per fraction.
Furthermore, medical facilities located in rural areas, like our hospital, are responsible for a wide area and often provide radiotherapy on an inpatient basis. However, hospital management demands shorter hospital stays, for which AHF is also beneficial because it can reduce such stay by reducing OTT. Many hospitals in the United States and Europe are surrounded by hotels that can accommodate patients and their families, but even so, a twice-daily irradiation regimen which shortens the treatment time is a clear benefit for patients who undergo radiotherapy while staying at a hotel. This study has a number of limitations. First, because it was a retrospective study, the reliability of the data obtained may be inferior to that obtained in prospective studies. Furthermore, because some patients could not be reached for follow-up observations, our results may have slight inaccuracies. Second, single and total doses were not consistent among the patients, and the present treatment outcome was not due to single radiotherapy alone because patients underwent radiotherapy with and without chemotherapy or laser vaporization. We plan to fix the dose to 1.5 Gy/fraction in future studies and redesign the treatment approach for T1b patients by including chemotherapy with S-1.
Despite these limitations, because of high LCR and reasonable adverse events, AHF performed for T1 glottic cancer is a useful treatment modality. Furthermore, the benefit of shortening OTT extends beyond improving treatment outcomes. By proactively introducing the present method, hospitals in rural areas can reduce the hospital stay of patients who need to travel far for hospital visits, thereby offering clear advantages to patients. This would also benefit hospitals that use the bundled payment system. We plan to increase the number of cases and conduct prospective studies to continue the investigation.
In conclusion, the outcome of AHF for T1 glottic cancer was excellent, and the adverse events were acceptable. The present treatment method will substantially reduce the treatment duration among patients who need to stay at nearby hotels while undergoing treatment at hospitals in rural areas.
